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As A correerive crour, (luorocarbon production was
about 500 million pounds in 1966. The properties that
made the fluorocarbons valuable are their high density,
low viscosity, low surface tension, good stability, and low
toxicity. The original use for {luorocarbons—refriger-
ants—still accounts for 30 percent of the usage and con-
tinues to grow steadily. Iluorocarbon-11 and T'luorocar-
bon-12 are the most commonly used relvigerants. The
phenomenal growth of aerosol containers boosted the
_~{luorocarbons into a big volume business, Currently, acro-

Is take almost 50 percent of the fluorocarbon produc-
tion, but this market will probably drop off some as new
nonfluoroearbon propellants invade the field. As in re-
[rigerants, Fluorocarbon-11 and Fluorocarbon-12 domi-
nate the acrosol licld. The loss of business in acrosols will
be more than oflset by rdpid growth in fluorocarbon
usage as degassers, blowing agents for rigid urethane foam
(mainly Fluorocarbon-11), and plastics.

The field is dominated by Du Pont with 50 percent of
the market followed by Allicd Chemical with 25 percent
of the market. Typically, the products are produced by
reacting hydrogen fluoride with carbon tetrachloride,
chlnrnfnr:n, or l.'ll!!"(‘]]I()I“(.’I{?l}lylt'ﬂllt‘.

Because of their extensive use in acrosols and relriger-
ation, I'luorocarbon-11 and Iluorocarbon-12 have been
extensively studied and their physical properties are avail-
able over a wide temperature range. Considerably less
data are available on I'luorocarbon-13 and Fluorocar-
hon-14,

" ypor Pressure and Critical Properties. The critical
properties and ‘the vapor pressures up to the critical point
arc available from the literature for all four com-
])(}Llrlds-l'n':‘

Heat of Vaporization. The heat of vaporization has
been determined for Fluorocarbon-13 up to its critical
temperature.* Data on Fluorocarbon-11 and Fluorocar-
bon-12 have been compiled from —100° C to +70° G.?
For I"'luorocarbon-14, the heat of vaporization is available
only at the boiling point.' The data for Fluorocarbon-11,
-12, and -14 have been extended by the Kharbanda

nomograph of the Watson equation.* Calculated values
gave average and maximum errors of 1.8 percent and
92 n

3.5 percent, respectively, when compared to 7 experi-
mental values.

Heat Capacity. A number of investigators have deter-
mined the vapor heat capacities of the Fluorocarbon com-
pounds.™ 7 The experimental results of all investigators
agree within 1 percent of each other.

The liquid heat capacities of Fluorocarbon-11 are
available from —93°C to +75° C.®® Data on Fluoro-
carbon-12 cover the range of —80°C to +20°C.1%%
The Du Pont bulletin® presents the heat capacity for
Fluorocarbon-13 at —30° C and for Fluorocarbon-14 at
—80° C. These data were extended over a wider tem-
perature range by the equation: liquid heat capacity
equals a constant divided by the liquid density. The con-
stant was calculated for cach compound from an experi-
mental point. The author found that this estimation
method gave much better results than other methods.
When compared with 8 experimental values {from Fluo-
rocarbon-11 and -12, the error averaged 1.8 percent with
a maximum error of 7.7 percent. The liquid heat capac-
itics of halogenated compounds are lower than most com-
pounds, and do not increase as rapidly with temperature.
Because of this, estimation methods generally give high
results, especially with increasing temperature. .

Liquid Density. The liquid density has been experimen-
tally determined up to the critical point for Fluorocar-
bon-11** and I'luorocarbon-13.*'2 Fluorocarbon-12 data
are available up to 60° C.2 Only the density at —80° C
has been measured for Fluorocarbon-14.* The data have
been extended to the critical point by the method of Ly-
dersen and coworkers.?® This method, which relates the
change in density to the critical compressibility and re-
duced temperature, gave an average error of 0.6 percent
when compared with 15 experimental values of Fluoro-
carbon-11 and -12.

Viscosity. Witzel and Johnson'* have measured the
vapor viscosity of all four compounds from —40°C to
+4-150° C. This information has been supplemented by
other literature data,’® "7 and extended over the — 100°
to +400° C range by the estimation method of Bromley

TABLE 20-1—Physical Properties of Halogenated Methanes

CRITICAL PROPERTIES
Boiling Freezlng | = |}————F-——

Commercial Point Polnt Molecular °C PSIA 2/ml

Compound Product Code L & °C Welght : P. d,
trichlorofluoromethane .. ... .. cooeeieiieaa i Fluorocarbon—11 23.8 = 137.4 198.0 645 0.554
dichlorodifluoromethane. ., .o ovvviniriiiraniiaasse, Fluorocarbon—12 —20.8 —158 120.9 112,0 507 0.5568
c¢hlorotrilluoromethane. .. ..o vouas PR R Fluorocarhon—13 —H1.4 —181 10405 28.9 561 U.ﬁl?ﬁ
tetrafluorometbane. . (oo 0 voveuesivn S A A Fluorocarbon—14 - 125.0 —154 BE.0 —45.7 f:13 0.626
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Fig. 20-1—Gives the vapor pressure of halogenated methanes from — 130° C to 4- 50° C.
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Fig. 20-2—Gives the vapor pressure of halogenated methanes from — 20° C to - 200° C,
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Fig. 20-3—Gives the heat of vaporization of halogenated methanes from — 160° C to - 200° C.
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Fig. 20-4—Gives the vapor heat capacity of halogenated methanes from — 175° C to -~ 800° C.
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Fig. 20-5—Gives the liquid heat capacity of halogenated methanes from — 120° to -+ 80° C.
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Fig. 20-6—Gives the liquid density of halogenated methanes from — 160° C to - 200° C.

» January 1968, Vol 47, No. 1 139




L)

340

300

260

PHYSICAL PROPERTIES OF HYDROCARBONS . .

220

180}

140

100

00
° CENTIGRADE
Fig. 20-7—Gives the vapor viscosity of halogenated methanes from — 100° C to - 400° C.
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Fig. 20-8—Gives the liquid viscosity of halogenated methanes from — 100° C to -+ 100° C.

HyprocArReoN PROCESSING



RO T O e e & s st

30

25

20

i

]
R
ol g

-120 =40 120

40
°CENTIGRADE
Fig. 20-9—Gives the surface tension of halogenated methanes from — 180° C to - 200° C.
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Fig. 20-10—Gives the vapor thermal conductivity of halogenated methanes from — 100 ° Cto 4- 400 ° C.
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Fig. 20-11—Gives the liquid thermal conductivity of halogenated methanes from — 120° C to --80° C

and Wilke.*® The author used a different constant than
recommended by Bromley and Wilke because the vapor
viscosity of fluorocarbons is lower than estimation meth-
ods indicate. Using a lower constant, the author obtained
an average error of 3 percent for 16 experimental points.

Liquid viscosities have been determined for Fluorocar-
bon-11 and Iluorocarbon-12 up to 100° C.*'* For the
other two fluorocarbons, it has been necessary to estimate
the viscosity over the entire temperature ranee. There is

"no highly accurate estimation method for fluorocarbons.

Some methods give values much higher than the actual
values; other methods give very low results. Errors of 50
to 160 percent are common. The author modified the
method of Thomas,”™ which typically gives low results,
and obtained average and maximum errors of 17 percent
and 60 percent, respectively, for 8 experimental values
on Fluorocarbon-11 and I'luorocarbon-12.

Surface Tension. Surface tensions are available only at
one temperature for all four compounds.” The nomo-
graph of Kharbanda'® has been used to extend the data
over a WidC tempcrature range,

Thermal Conductivity. The vapor thermal conductivi-
ties have been calculated by the method of Owens and
Thados,” which relates thermal conductivity to a pseudo-
critical thermal conductivity and the reduced tempera-
ture. The pseudo-critical constant was determined from
available experimental thermal conductivities. %2
With no reliable data available on the liquid thermal

142

conductivities, the estimation method of Robbins and
Kingrea* has been used. The error is probably =10 per-
cent,
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Indexing Terms: Carbon Tetrafluoride-9, Chlorinated Hydrocarbons-9, Chloro-
trifluoromethanc-9, Cbmputations-4, Dichlorodifluoromethane-9, Flunrinaud
Hydrocarbons-9, Heat- 7. Halogenated Hydrocarbons-9, Liquid Phase-5, Ihysi=
Y Properhcs—-’? Prcssurn-ﬁ Propcrn:s.-’Charactcrwln:q/ 7, Temperature-6,
Tetrafluoromethane-9, Trlchlorol'luommmhane-g' Vapor Phase-5.

Part 21 “Fluorinated Hydrocarbons” will appear in an
early issue.
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